Information concerning biodiversity and ecosystems is critical to a wide range of scientific, educational, and government uses; however, much of this information is not easily accessible. This paper presents the core concepts underlying the National Biological Information Infrastructure (NBII) <www.nbii.gov>, a Web-based system coordinated by the U.S. Geological Survey that provides data and information on U.S. biological resources and, through a variety of partnerships, biological resources in many other nations. This paper will highlight NBII development, implementation, technological innovation, and successful user applications at two regional nodes: the NBII Southern Appalachian Information Node and the NBII Central Southwest/Gulf Coast Node.
INTRODUCTION
Information concerning biodiversity and ecosystems is critical to a wide range of scientific, educational, and government uses; however, much of this information is not easily accessible (Paul, 2000) . The National Biological Information Infrastructure (NBII) <www.nbii.gov> was created to provide a comprehensive framework that allows this information to be readily accessed and effectively used by a variety of audiences.
Numerous challenges are intrinsic to this undertaking. Biodiversity data are collected by many organizations within the United States for scientific understanding and natural resource management. Scientific inquiry includes studies that are carried out by educational institutions, museums, zoos, nongovernment organizations, and the private sector (for instance, consulting firms, corporate environmental programs, and so forth). In addition to institutionally owned biodiversity data, similar data are collected under the sponsorship of national, state, and local governmental agencies. The scope and scale of these data vary, but often they are targeted to local issues such as land use planning, the management of invasive or endangered species, or the management of economically important species (especially recreational species). In addition, there are numerous data collection efforts at regional and national levels with little or no adherence to national and/or international guidelines or standards (Cotter, Lahr, & Hill, 2002) . Data may exist in disparate forms, at varying scales, on servers that may not be accessible to, or even known of, by others; or, the data may not even be stored digitally. Wasteful duplication of effort, loss of time, and a loss of collaborative opportunities are just three of the potential implications of not collecting such data using common protocols/reporting standards or of not making data available.
Figure 1.
The NBII makes it possible to collect and organize biological information from partners, add value, and provide products and services back to these partners and others to meet their needs.
NBII end users come to the Program with a variety of information needs.
• Scientists need access to data of a range of levels of quality to help design and direct their research. • Planners and decision-makers need timely, credible data to make knowledgeable determinations about managing the nation's natural resources. • The private sector needs better information to understand such things as the impacts of metropolitan growth on ecological resources. • Educators need the most relevant and stimulating materials to enlighten their students or support research. • Private citizens need unbiased information, for instance, to take advantage of recreational uses of natural resources, such as watching wildlife.
Here are a few statistics that offer a representative sense of Web site activity:
• More people are coming to the NBII now than ever before --from September 2002 through August 2003: we received 25 325 201 hits, with 16 917 497 from <www.nbii.gov>, and 8 407 704 from the NBII network of nodes throughout the country. • The top five searches and/or topics of interest in a typical month are: West Nile Virus, Biology News, Teacher Resources, Biodiversity, and Frog. NBII success has sprung in part from the rich tapestry of partners that have joined the effort. In accordance with the President's Management Agenda, they represent all sectors, and together, are leading a paradigm shift toward public-private partnerships (Sepic & Kase, 2002) . In fact, the Program's motto "Building Knowledge Through Partnerships" reflects its goal of uniting the intellectual capital of the private sector with the government's commitment to meeting the information needs of the country's natural resource managers and stewards. Data and information provided by and to these groups include diverse, high-quality biological databases, information products and services, and a variety of analytical tools. NBII partners and collaborators also work on new standards, tools, and technologies that make it easier for NBII customers to find, integrate, and apply biological resources information.
The NBII's partnership structure leverages the resources of the 200+ member federation against actual NBII expenditures. Currently, the NBII leverages contributions from partners at a ratio of 1:3 (one NBII dollar leveraged by the monetary or in-kind equivalent of three contributed dollars from partners). Given this leveraging ratio, the quantitative benefit of the NBII was equal to the leveraged value of partner contributions, or $18.0 million in fiscal year 2003.
Leveraging estimates for each NBII node are based on a process that addresses: criteria for identifying inkind contributions, procedures for documenting contributions, elements/contributions eligible for consideration, and a process for estimating values for in-kind services. This process is based on guidance from the U. In addition, the Program's emphasis on partnership provides such qualitative benefits as:
• Cost avoidance --Leverages other federal and private resources and provides controls for the efficient, coordinated collection and dissemination of biological data, • Stakeholder benefits --Development costs are shared among stakeholders, which results in spreading costs for development and providing a framework through the use of a project-wide enterprise architecture, tools and models, and
• Customer benefits --Many NBII customers are also stakeholders, but these additional benefits apply even when the customer is not a partner involved in NBII development; users of NBII data and information can access a "one-stop-shop" for all biological data and information; and products are produced in a timely fashion through shared responsibility among partners.
BRIEF HISTORY OF THE NBII
The NBII grew out of a set of related policy statements and management recommendations that provided the foundation for this cooperative undertaking.
As early as 1990, a federal report issued by the Office of Technology Assessment recognized that continuous information technology advancements are critical to the continued growth of the body of scientific knowledge. "Scientific and technical advancements are information-intensive, and those who know how to obtain and use [scientific and technical information] will have a competitive edge --whether the competition is over market share or over intellectual leadership on global issues." Although, it acknowledges, critical scientific and technical information is created by all sectors, the report supports development of a federal framework in which to lead information management efforts. "In the U.S. Government, the long-term objective is to develop a " 'virtual' interagency information system... " 'Virtual' means that the information system will be a family of decentralized data centers" (U.S. Congress Office of Technology Assessment, 1990) .
In 1993, a National Research Council (NRC) report said that "There is wide agreement on the urgent need to organize existing biological information and make it more readily available and to coordinate future data collection and exchange" (National Research Council, 1993) . This report recommended that the Department of the Interior oversee the development of a National Biotic Resource Information System. The system, the report recommended, should be a distributed federation of databases designed to make existing information more accessible. It should also develop new ways to collect and distribute data and information, as well as lead in promoting standards that aid these activities. The system should support continuing state efforts to develop regional and statewide environmental databases and work closely with and support database development in museums, universities, and similar organizations. Finally, it should participate in interagency initiatives to coordinate the collection and management of biodiversity data by the federal government.
The President of the United States signed Executive Order 12906 (The White House, 1994) . This order requires federal agencies, in cooperation with state, local, and tribal governments, and the private sector, to help implement the National Spatial Data Infrastructure (NSDI). The NSDI deals with the acquisition, processing, storage, and distribution of geospatial (geographically referenced) data. The responsibility for carrying out the Executive Order was given to the Federal Geographic Data Committee (FGDC). In parallel with this Executive Order, the national biotic resource information system officially became the National Biological Information Infrastructure (NBII). The NBII Program works with the FGDC to increase access and dissemination of biological geospatial data through the NBII and the NSDI.
Circular A-130 (U.S. Office of Management and Budget, 1996) is the cornerstone of federal information resources management policy. A-130 was authorized through the Paperwork Reduction Act, which established a broad mandate for agencies to perform their information management activities in an efficient, effective, and economical manner. A-130 requires federal agencies to take the initiative to disseminate information, to maximize the usefulness of information to the government and to the public, and to assist the public in locating government information. The NBII Program works in accordance with these requirements to broaden the dissemination of biological information produced by federal government programs to the public.
February 1997 marked the release of the report that included a series of recommendations to improve the effectiveness of federal programs through information technology (National Performance Review and Government Information Technology Services Board, 1997). The report noted the need for an NBII. One of its recommended actions was the establishment of a federal interagency working group to coordinate the continued development of the NBII.
While much progress had been made on the NBII thus far, there was still much work left to do. In 1998, additional suggestions came on how to proceed (President's Committee of Advisers on Science, 1998). This report, written by a team of internationally renowned scientists including a Nobel Prize winner, recommended that the federal government push forward to the "next generation NBII" or NBII-2. The Committee clearly saw the need for applying information technology to the management of science information, stating: "The economic prosperity and, indeed, the fate of human societies are inextricably linked to the natural world. Because of this, information about biodiversity and ecosystems is vital to a wide range of scientific, educational, commercial, and governmental uses. Unfortunately, most of this information exists in forms that are not easily used… There exists no comprehensive technological or organizational framework that allows this information to be readily accessed or used effectively by scientists, resource managers, policy makers, or other potential client communities."
The panel recognized that NBII-2 would greatly enhance current NBII capabilities, taking advantage of newly emerged technologies to automatically integrate and synthesize many different databases, to analyze information in new ways, and to answer questions and present results that could be readily used by resource managers, policy makers, and educators. But meaningful integration and synthesis of data from diverse sources would only be possible through the application of robust standards governing the way data and information are described, managed, stored, and shared, and through the provision of common tool suites designed to effectively interact with the data and information.
One of the key components of NBII-2 was a "node"-based structure that is being developed to ensure broad partnerships and information from all sectors of society. The nodes are interconnected NBII entry points that, taken together, are forming the Program. The establishment of these nodes is helping the NBII provide a vast community of users with rapid access to data and information on biological resources as well as national --and increasingly, international --coverage on a range of major biodiversity and environmental issues. NBII nodes (focal points through which key elements for providing the information and services envisioned by the NBII are made available) comprise computer equipment and software, human resources, data and information, catalogs and tools, seamless access to biological data catalogs, and other capabilities that let users locate, manipulate, and use data from diverse sources.
In the waning days of fiscal year 2000, Capitol Hill lawmakers allocated funds for the promotion and development of this system of NBII nodes.
A Closer Look at NBII Nodes
NBII nodes are of three types:
• Regional --Have a geographic orientation. By taking a regional approach, local data issues, data collectors, and owners are involved in the process. They also allow people closer to the issues and the partner groups to form active coalitions in addressing biological issues within their regions. • Thematic --Focus on a particular biological issue, such as avian bird conservation, providing the support and infrastructure to help address these issues. Such issues often cut across multiple geographic areas and have national significance. • Infrastructure -Are responsible for common standards, data interoperability, and tools, as well as the integration of content.
In addition, NBII nodes operate against well-defined objectives and outcomes, with scalable milestones that allow flexibility to accommodate funding changes and shifting priorities due to the urgency associated with emerging biological issues, such as chronic wasting disease.
This approach received another endorsement in a publication that looked across the USGS and provided advice on its future goals and challenges (National Research Council, 2001) . The NRC program evaluation found that biological information is produced and maintained by diverse federal, state, and local agencies and private organizations. Collectively, this is a vast effort, and no organization or central facility could effectively compile, maintain, and distribute all relevant information. In order to reduce redundancy, the NRC concluded that a realistic goal is to link existing and new biological databases into a distributed federation of NBII databases. They concluded that the linkage must occur both physically over networks and logically through the use of appropriate software and data standards. The NRC identified the necessity of both regional-specific as well as programspecific database directories in which to store and retrieve biological data.
In addition, since multi-sector partnerships allow each node team to take advantage of the strengths in each sector, a federated approach has proven cost-effective. As examples of sector strengths, universities often can provide graduate student labor for a fraction of the cost of the same labor in the private sector, or even in government positions. Likewise, a government partner may be able to provide the node team with the advantage of steeply discounted rates per seat for software licenses.
Today, as work on the NBII nodes continues, the Program's community of users gains access to increasingly rich and varied information on the nation's plants and animals. NBII regional nodes are aimed at meeting a variety of biological resources data and information needs in regions around the nation, including:
• Addressing the biodiversity aspects of sustainable development issues within the Central Southwest and Gulf Coast through research into the applications of new spatial digital data analysis and visualization technologies, • Developing regionally-oriented information content and a global thematic focus on invasive species in Tennessee, the Pacific Rim, and the Southeast Region, • Offering information to evaluate strategies and practices associated with helping to stem the decline of salmon in the Pacific Northwest as well as the management of the region's forest ecosystems, and • Supporting information systems addressing interagency biodiversity and watershed assessments in California, the Pacific Coast, and southwestern desert ecosystems (remote sensing, database, and Internet technology developed by the node will strengthen national/international information exchanges).
NBII thematic nodes address such issues as:
• Helping to implement the North American Bird Conservation Act as well as provide a location for the coordination, management, and dissemination of data and information related to North American bird fauna, and • Offering fisheries information in a single location that can include everything from the latest published research ... to real-time stream flow data ... to fishing statistics and species profiles.
Pilot NBII nodes are attuned to such topics as:
• Invasive Species -Invasive species are the number one environmental challenge of the twenty-first century and also represent a significant economic challenge to our nation. This node will provide access through a single Web portal to a vast array of information on invasive species throughout the nation. This information can then be used for the management of invasive species and habitat vulnerability. • Wildlife Disease -Disease has long been recognized as one of the limiting factors on wildlife populations. Now, the rapid spread of established diseases; the emergence of new diseases in humans, domestic livestock, and wildlife; and the threats of bioterrorist attacks have attracted considerable attention. This node will provide information and links to information on wildlife health and wildlife-human-domestic animal disease interactions. Figure 3 . Current NBII regional, thematic, and infrastructure nodes throughout the United States.
The interaction between NBII regional, thematic, and infrastructure nodes is a complex but well constructed relationship. Since NBII thematic nodes provide national coverage related to a thematic area of interest, they are often jointly working with the NBII infrastructure nodes as they relate to developing the necessary standards, tools, and capabilities that facilitate seamless access to all NBII information. NBII thematic nodes are often thought of as a "virtual" node, in that they may contain data and information from a number of NBII regional nodes and/or national data providers, while the content exists and is maintained locally by those data providers. The NBII infrastructure nodes serve as the "glue" that supports the development of the necessary standards, common services, and tools to manage the interactions between NBII regional nodes, thematic nodes, and other members in the NBII network. A perfect example of this complex interaction is centered around addressing the growing concerns of invasive species (i.e., species non-native to a region or ecosystem). The NBII Invasive Species Information Node, a thematic node, spends a considerable amount of time and effort in developing the necessary national data sets, standards, and capabilities that allow for the integration of data and information being produced from other regional nodes --such as the NBII Pacific Basin Information Node, the NBII California Information Node, and the NBII Southern Appalachian Information Node --which are also developing invasive related applications and tools that are more specific to their region or local issues. By deploying common standards, and by sharing methodologies and approaches, the NBII effectively leverages its resources throughout the network.
To ensure the NBII is moving in directions that will continue to serve its public --i.e., its many and diverse users --NBII National Program Office staff, key representatives from the NBII nodes, and NBII friends from the broader community who have an interest in the Program attend annual national meetings to hear speakers examine the NBII's current status, its successes, as well as a variety of new developments. These meetings afford an opportunity for all parties to raise issues of concern and to suggest new Program goals and strategies.
The NBII has also commissioned a Science Committee to serve in a guidance and advisory capacity. This group is made up of nationally and internationally known experts from the fields of biology and other natural sciences, information science, and computer science.
Input on virtually any issue of concern is also available through ongoing feedback from users through the Web site. Customer input is provided to the National Program Office in Reston, Virginia, USA, by way of a general Web feedback as well as the NBII "User Survey," which is available via a mouse click on a button on the left-hand side of the home page.
Selected International Developments
Internationally, the United States has made commitments to participate in a number of biodiversity network initiatives that seek to facilitate the exchange of biological data and information among partners worldwide. These initiatives include the Global Biodiversity Information Facility (GBIF) (Russo, 1999) 
TECHNICAL INNOVATION
One of the major strengths of the NBII is its growing and increasingly valuable collection of data and information on the nation's biological resources. Today, the NBII has to continue to build on this content while providing additional user capabilities. This presents a host of challenges to NBII developers, data producers, and users. A brief sampling follows of some of the new capabilities being designed and prototyped. The functionalities are organized into the Services, Tools, Content, and Infrastructure components that will be required for the dramatic expansion and development of the NBII as it is envisioned. The pyramid (see Figure 4 ) illustrates the technical evolution the NBII is undergoing. The pyramid is arranged hierarchically to demonstrate the evolutionary phases the NBII must go through to achieve its ultimate goal of being the world's premier biological information network. As described below, considerable progress is already being made with prototype projects, identifying partner organizations, and defining the NBII functionality required to meet the nation's ever growing biological needs.
Controlled and Secure Network
The capabilities to limit access to certain data sets and information for a period of time, and to provide a secure and encrypted network to ensure data integrity, are important components of the system. In cases where data and information are considered sensitive, and may be available only to specific and limited audiences, the NBII architecture facilitates secured access to that data. The NBII Portal <my.nbii.gov> is a key infrastructure building block, providing both secure access to biological information, and delivering customized information to NBII customers, stakeholders, and users (Stevens, 2002; Vaas, 2002) .
Standards, Vocabulary, Hardware/Software
The underlying foundation for the NBII includes: standards, controlled vocabulary, and hardware/software. Established standards and a flexible controlled vocabulary enable effective and efficient exchange of information, facilitate the discovery of information, and significantly enhance information management. Several ongoing initiatives for enhancing resource cataloging and retrieval include the National Vegetation Classification standard, the NBII Vocabulary project (Cotter, Frame, Sepic, & Zolly, 2000) , cataloging of Web resources via the Dublin Core standard for metadata, and the FGDC-compatible NBII Metadata standard (metadata are data about data; searchable, structured information about the content and character of a data collection). The latter is known as the NBII Biological Data Profile (Federal Geographic Data Committee, 1999) . It encompasses biological data that are geographically referenced, as well as data that are not specific to a geographic area, such as taxonomic data, research reports, field notes, or specimen collections. Metadata created according to the Biological Data Profile can be added to the NBII Metadata Clearinghouse (NBII Metadata Clearinghouse, 1997), one of the most important NBII components. This is where NBII users can search the online card catalog of metadata from many different agencies and organizations to find a particular item of interest.
Data and Information Repository
The core focus for the NBII is to provide ready and easy access to metadata, data sets, tools, and information products. From the distributed environment of the Web -and the NBII network -arise data and information from myriad sites, in various formats, with multiple owners. The NBII must harvest these resources and provide a seamless interface to them for data and information discovery, regardless of source and format. Several activities that support this goal include the Z39.50 Biology Implementers Group <http://raptor.kbs.ukans.edu/zbig>, which has evolved into the DiGIR distributed data querying tools (2003), the Oak Ridge National Laboratory Mercury Distributed Retrieval system (2000), the implementation of Hiawatha Island Software Co. (2000) LLC software product, TagGen and Policy/Accessibility tools, and the USGS Center for Biological Informatics prototype Uniform Resource Locator Registration and Categorization system (1999) . On the horizon is the NBII goal of providing easy access to museum collections information throughout the United States. In partnership with the Natural Science Collections Alliance, the NBII is actively working to deploy data provider and portal tools to support this effort. The ultimate goal of providing seamless access to biological resources information, no matter type or location, is becoming a reality with developments currently underway by the NBII Program.
Current Biological Issues
Biological information is of growing importance to the general public, land managers, policy makers, and others, and the role of the NBII in facilitating access to that information is a critical one. Various tools and delivery mechanisms are vital if these users are to interact with data and information related to invasive species, wildlife disease, and other current biological issues. NBII node architecture supports the establishment of thematic nodes to provide seamless access to data and information addressing these important national issues. Current NBII thematic nodes include the Bird Conservation Node as (Koneff, 2002) , the Fisheries and Aquatic Resources Node as (Beard, 2003) , and the Invasive Species Information Node.
Content Management Tools
A key responsibility for the NBII is to create and continue to enhance content management tools and practices that support the creation of metadata, the identification of important electronic resources, and the timely delivery of biological data and information that are relevant to user needs. Paramount to the NBII's success is the ability to make tools available to biological data providers that can help them provide highquality data and information to the NBII network. The NBII Program partners with private sector organizations to implement commercial, off-the-shelf products to support this effort, or develops the process in-house when no solution exists. A suite of tools has been provided to support NBII content management requirements. For example, specific tools to create NBII/FGDC compliant metadata are licensed from a commercial vendor and provided by the NBII National Program Office in Reston, VA, to data producers and partners within the network. Another set of tools, developed in-house, assists partners in cataloging their biological data and information, facilitating faster and more relevant discovery of information resources by NBII users. The Program Office also successfully partnered with a private-sector vendor to develop and license a suite of metadata content tools that enforce content standards for information, monitor compliance with those standards, and assist NBII partners in resolving instances of non-compliance. Further metadata efforts are ongoing with the NBII Program's creation and deployment of the Web Resources Catalog tool. The asp.net based Web input tool utilizes the Dublin Core standard for metadata to easily allow NBII content managers to catalog and store relevant resources. Resources are then seamlessly shared and accessed via NBII partner sites through the NBII network of nodes.
Geospatial Applications
The NBII, through its establishment of the NBII Geospatial Working Group, has taken a leadership role within the geospatial community in the implementation and adoption of Open Geospatial Information Standards (OGIS). These standards underpin the NBII's ability to provide critically needed geospatial tools to scientists, resource managers, and other users to access biological data and information. When NBII data and information are properly geo-referenced using OGIS, the entire NBII network and user community can access and use various types of distributed data, tools, and services, regardless of their physical location, platform, or format. All resources, information, and data within the NBII network, when spatially relevant, will be georeferenced and easily retrievable. This further extends the NBII's capability of providing geography as key criteria for data discovery. The vision for a Geospatial NBII application has three components: data discovery, data visualization, and data interoperability. The NBII Program is working in all of these areas with its network of partners to ensure the realization of this vision.
Data Analysis Tools
The capability to download and manipulate data sets accessed through the NBII is a necessity for researchers, policy makers, and educators to model, forecast, and understand current and potential conditions. Traditional search and retrieval mechanisms for the Web will most likely be replaced by distributed queries across databases, as well as tools to further manipulate the resulting data set on the user's local workstation or server. Within the NBII network, several regional nodes are co-located at supercomputing facilities whose capacities are shared across the NBII network. Providing easy access to these facilities enables NBII modeling, analysis, and data synthesis tools to process data supporting their calculations in one-tenth the time it would traditionally take.
Training and Support
The NBII Program Office believes that creating the basic infrastructure to support the data, models, tools, and applications developed by the NBII Program is the key to overall network performance. Further, the NBII Program is investing in establishing bioinformatics curricula at several universities to support future biological data and information management requirements. The Program has also established working groups within the NBII network to share applications, learn from one another, and provide expert support for basic questions. The NBII Program continues to actively provide metadata training for implementation of the NBII/FGDC biological data profile.
Intelligent Agents
Intelligent agents and push technologies provide a much-needed capability to profile various user communities and establish baseline information needs. As a result, hundreds of thousands of records, projects, and resources can be filtered so that researchers or program managers only see those materials that are relevant. The NBII BioBot tool (Daukantas, 2000) and NBII Portal Publications allow users and researchers to automatically be notified and presented with information from a variety of sources, and also provide a single search interface from which users can locate and access multiple, distributed biological information. As software tools develop over the next several years, intelligent agents will play a key role in delivering timely, customized information to NBII users.
Search and Retrieval Services
One basic function of the NBII is to provide users with the capability to query multiple, distributed data sources from a single user interface. NBII users do not and will not necessarily know all of the biological information resources available on the Web. The NBII's most important service is to provide a seamless interface to the various biological repositories in existence. The NBII search engine, BioBot, is designed to provide search services for all NBII pages, data sets, tools, and applications within the NBII network. Users can search not only the NBII network, but also partner sites, regardless of where they physically reside. The NBII search service provides a single point of access to network holdings, including data and information, as well as those of other federal agencies. A multi-lingual version of BioBot is also being deployed to support NBII international efforts with organizations such as the IABIN network. Another important consideration in providing a search service for biological information is to ensure included resources are of the highest quality possible, are permanently available to users, and are maintained for currency. The NBII accomplishes these goals by dedicating staff resources to review content, develop tools to aid in the identification and management of relevant data and information, and implement state-of-the-art technologies to support the discovery and retrieval of biological information.
ACTIVITIES AT TWO REGIONAL NODES
No examination of the NBII's role in biodiversity and ecosystem informatics can be complete without looking at characteristic node activities. It must be remembered that node success is rooted in one of the primary guiding principles of the NBII Program; namely, that the effort to create and implement an NBII information node, and to provide the resource support it requires, is a joint responsibility. The contributions of NBII partners are critical. Those contributions include:
• Salaries of partners working directly on Program projects, • New technologies, models, and applications,
• Metadata records prepared for legacy or new data, • Real property, space, equipment, and software, • Educational materials,
• Computational tools and capabilities, and • Newly digitized data and newly created databases.
Southern Appalachian Information Node
The NBII Southern Appalachian Information Node (SAIN) provides data and information about the biology and ecosystems of the southern Appalachians and similar or related regions. The node focuses on one of the most biologically rich areas in the nation and serves as a natural laboratory for understanding our nation's biological resources as well as developing new approaches to better manage sensitive ecosystems for public use. Using numerous Internet media and techniques, SAIN partners with many providers to make knowledge of biota and ecosystems more accessible and more understandable. SAIN also partners with users to help them translate and interpret data into meaningful information --and into knowledge upon which they can act.
SAIN provides support to local managers and resource management agencies including a wide range of public and private decision makers, local to federal. Support to local municipalities has resulted in new or revised ordinances in Walden and Pittman Center, Tennessee, USA, and Macon County, North Carolina, USA. SAIN has worked with regional planning agencies, development districts, and councils of government throughout the region. SAIN is working with the Tennessee Wildlife Resources Agency to update its databases, with the Organization of Fish and Wildlife Information Managers (OFWIM) to coordinate support to a number of states, and with the USGS Gap Analysis Program (GAP) and the southeastern states to facilitate sharing and practical use of GAP data by resource managers.
SAIN works with numerous federal agencies on supporting various inventory, monitoring, and resource management projects, issues, and needs. The Southern Appalachian Man and the Biosphere (SAMAB) Cooperative of federal and state agencies has designated SAIN as the partner to serve as its "information arm." SAIN is working with land conservancies and trusts such as the Tennessee River Gorge Trust, Little Tennessee Land Trust, and The Nature Conservancy on local and regional land/resource management/conservation issues. Finally, SAIN is working with many citizen and community organizations around the region to assist with their information needs for managing private and public lands.
More detailed information on selected SAIN activities follows. (Norwood, 2003) .
12 Year Data Set
The data contain many interesting trends and stories, and McLarney had extracted pieces for various scientific and local decision-making support purposes. Except in several hard-copy annual reports and on McLarney's PC hard drive, however, these valuable data were inaccessible --and in danger of being lost. With McLarney's assistance, SAIN combined multiple spreadsheets of data into a database, quality assured the data (going back to McLarney many times to get errors and inconsistencies resolved), and made the data and map summaries of the data available on the Web. SAMAB and SAIN are now using McLarney's methods and results as a prototype for other citizen monitoring efforts of aquatic-system health around the region. SAIN is also exploring with researchers at the Coweeta Long-term Ecological Research site how these data may be used in their research on generalizing results from intensive research sites to the broader landscape.
SAIN Wins ESRI Award
In 2002 Properly ascertaining equitable distribution of parkwide hog control efforts required the display of successful hog removal graphically in a spatially referenced format. Work began at UTC in January 2002 on GSMNP records from 1976 forward. It was felt that if hog control efforts were not uniformly distributed throughout the park, these efforts might actually encourage population growth. The newly created hog map showed that control activities had, in fact, been uneven.
ESRI was so impressed with the graphic that SAIN won the award for a special application of GIS software. The project is an example of how SAIN and the NBII can assist public land managers in protecting and preserving natural communities while bringing new and valuable information to a broader audience. 
Bringing Virtual Appalachia to the World
SAIN has developed several examples of the use of immersive 360-degree photography for visualizing key regional environments, and providing a virtual tour of the habitats, biota, and forces influencing those places. Links from the 360-degree "bubbles" provide detailed photographs, sounds, natural history, and numerous other kinds of information. The node has also explored ideas for using this technology for mountaintop-to-seacoast visualization of habitats and biota, virtual trail hiking and monitoring, and incorporation with 3-D modeling of habitat change. These visualization tools enable resource managers and others to show effectively the beauty of the region as well as scientific relationships in an engaging and entertaining way of learning. The SAIN's first prototype of these immersive technology tools, The Appalachian Ecosystem, can be observed in action online (SAIN, 2003) . By Spring 2003, the SAIN had completed the following views: the Tennessee River Gorge, the Little Tennessee River, and the Hemlock View at Albright Grove in the GSMNP (part of the Hemlock Woolly Adelgid Project).
Central Southwest Gulf Coast Information Node
The NBII Central Southwest Gulf Coast Information Node (CSWGCIN) is developing a digital, standardized (with metadata), integrated, archived, managed, updated, and Web-accessible collection of high-quality biological data and information of its region (Arkansas, Louisiana, Oklahoma, Texas, and the Gulf of Mexico). CSWGCIN is also designated as the NBII national lead for developing, acquiring, assessing, implementing, transferring, and coordinating state-of-the-science geospatial technologies (e.g., GIS, remote sensing, digital field data collection, and verification technology).
CSWGCIN with works closely with its partners, other NBII regions, and the national NBII Program to assess and integrate new and emerging information technologies that help address national biological science and resource management objectives. The node is particularly focused on geospatial technologies, with an emphasis on Web-based mapping, digital field data collection systems and methodologies, and 3-D visualization. The node continues to assess, acquire, develop, and deploy Open-GIS compatible (AGIS/WMS) Web-based mapping tools and applications. The node is also developing the custom ArcIMS HTML template that includes options for data extraction and exchange for users accessing applications via standard Internet browsers or handheld computers (Palm-type devices for Pocket PCs). Digital field-based mapping and data collection systems are being fully documented through a user manual and associated help files so that the technologies can be used by partners and other NBII Regions/nodes. CSWGCIN also supports Toolkit and standards development, which includes support of the NBII Bird Conservation Node. Further, CSWGCIN works with the NBII Program to improve collaboration among existing and proposed NBII nodes.
Brief descriptions of representative CSWGCIN projects follow.
Fort Hood
Established in 1942, the Fort Hood Military Reservation is the nation's foremost training facility for tank warfare. At the same time, this 340-square-mile tract of land in central Texas is richly endowed with habitat for a variety of wildlife including the black-capped vireo (Vireo atricapillus), an endangered species. Given these two truths, the Fort's military planners are committed to striking a balance between the need to produce battle-ready tank crews with the mandate to maintain the base's ecological integrity. To address the second requirement, the Fort enlisted the help of The Nature Conservancy of Texas. The Conservancy's Texas Office funded the acquisition of high resolution LIDAR data for a 10-square-mile portion of Ft. Hood. CSWGCIN is working closely with Conservancy Fort Hood project staff to use the LIDAR data and associated ground control data to determine the potential to map threatened and endangered (T&E) bird habitats, focusing initially on the black-capped vireo. Initial results are highly encouraging with the Conservancy acquiring extensive field verification data. CSWGCIN is assisting in this process by helping design the ecological field sampling protocol, and in developing custom ArcPad field data collection applications and a secure Web site (with an OpenGIS compliant ArcIMS map server application) to facilitate the exchange of geospatial and related data and information on the project. CSWGCIN also trained and continues to support the Conservancy in metadata construction. Based on the results of this project, the Construction Engineering Research Laboratory of the U.S. Army Corps of Engineers is funding a multi-year follow-on project to further develop the methodology, develop habitat change/condition detection capabilities, and assess the potential to apply these findings to assess additional T&E habitats on other military installations.
Big Bend National Park
The National Park Service's Big Bend National Park covers over 801,000 acres in west Texas, in the area where the Rio Grande makes a sharp turn (the "Big Bend"). Situated as it is on the border with Mexico, Big Bend is a place where countries and cultures meet as well as a place that merges natural environments, from deserts to mountains. CSWGCIN has established a partnership with Big Bend National Park. As part of this project, CSWGCIN staff are customizing and operationally implementing the following technologies: ArcPad digital field data collection and verification of biological and associated data and OGIS/Web Mapping. The node has also sponsored a seasonal employee (approximately 6 months) to conduct the following tasks: 1) organization and digitization (as appropriate) of all information on T&E species in the park (T&E data from the Texas Park and Wildlife Department (TPWD) have also been digitized by node staff for eventual incorporation into the Park's GIS), and 2) archival research assessment and digital field data verification (ArcPad) of threatened and endangered species information compiled by the Park. CSWGCIN staff are also going to acquire Landsat satellite imagery to create a time series of erosion on a highly erodible soil in the Park. These data will be integrated and analyzed with historical land use practices (i.e., grazing) and incorporated in the conservation management plan for the Park.
NAFTA Highway (I69) Environmental Permit (NEPA)
Running from Mexico to Canada, straight through America's heartland, the NAFTA Highway will cross more than 1,000 miles of Texas from Brownsville to Texarkana. The project is named after the North American Free Trade Agreement (NAFTA), and like any large highway project the environmental review process is daunting. The highway is an enormous undertaking, both geographically and financially; it will cover more than 400 USGS quad maps. Like virtually all highway construction projects, environmental review is a critical part of the project, and quality data is a prerequisite for project success. Numerous contractors will provide environmental review, and they all must use consistent data. TPWD has the best wildlife-related data in the state and, most importantly, TPWD holds vital data on T&E species locations.
The data are mostly, if not entirely, on paper maps. The conversion of the TPWD Biological Conservation Database (BCD) (which includes T&E species data as element of occurrence [point] , transect, and polygon information) from paper to digital format has been a requirement for years. TPWD had earlier converted the element of occurrence data to digital format. CSWGCIN agreed to work cooperatively with TPWD to complete conversion of transect and polygon data within the NAFTA Highway corridor, establishing and implementing a methodology (including technical oversight and labor) to digitize these data. Now that the digital BCD data for the NAFTA corridor are completed, the TPWD would like to jointly work with CSWGCIN to complete the data set for the entire state. TPWD is providing the Quality Control for the digitization process. TPWD has also requested that CSWGCIN participate (with the U.S. Fish and Wildlife Service [USFWS]) in the integration of the BCD data into the predictive habitat modeling effort (associated with the environmental permit process of the NAFTA Highway) using state-of-the-science models developed by the Environmental Protection Agency/USFWS and The Nature Conservancy. This project will contribute to the streamlining of the NEPA permit process associated with the NAFTA Highway.
CONCLUSION
America has been endowed with a rich variety of biological resources, as have many other nations around the globe. Since they vary by structure, content, and focus, the data and information that describe these resources can meet a wide variety of needs. The NBII is dedicated to helping us better understand and preserve our nation's living resources by unleashing the enormous power of the data and information resources that describe them. More specifically, the NBII is committed to ensuring biodiversity data are organized, accessible, and available to those who make decisions regarding the care, use, and conservation of natural resources. We have attempted to demonstrate that the technical and organizational challenges inherent in this undertaking are being overcome. The implementation of the infrastructure is proceeding, and the direction of the development of the NBII is being guided by the expressed requirements of the communities it serves.
As technology changes, so too will the NBII's approaches to solving this important, ongoing challenge. But while the preceding pages detail selected NBII successes, the Program's focus is on the future (Committee on Environment and Natural Resources Subcommittee on Ecological Systems, 2001). We invite all interested parties from around the nation and the world to join us in helping to make the NBII an even more effective tool to facilitate environmental decision-making.
APPENDIX -NBII PROGRAM PRODUCTS AND SERVICES
The following provides an inventory NBII products and services. In addition, it offers a sampling of products available from the NBII nodes. As these nodes are being established, the various partners in each node contribute -or are in the process of developing -additional data sets, tools, and other information resources and services that enrich the NBII. Any listing such as this can become dated quickly, so please check online at <www.nbii.gov> for the latest developments. Acadia National Park, Badlands National Park, Black Canyon of the Gunnison National Park, Curecanti National Recreation Area, Fire Island National Seashore, Glacier National Park, Great Smoky Mountains National Park, Joshua Tree National Park, Point Reyes National Seashore, Rock Creek Park (Washington, DC) , Sequoia & Kings Canyon National Park, Sunset Crater Volcano National Monument, Theodore Roosevelt National Park, Valley Forge National Historical Park, Voyageurs National Park, Walnut Canyon National Monument, Wupatki National Monument, Yosemite National Park, Zion National Park 
